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A  review  of  the  hydrogen  embrittlement  of 
metals  has  been  prepared  by  the  General  Electric 
Research  Laboratory.!*)  Topics  covered  include  the 
effect  of  electroplating,  corrosive  environments, 
and  gaseous  hydrogen  on  hydrogen  entry  into  metals; 
the  various  types  of  failures,  such  as  hydrogen  at¬ 
tack,  bli.taring,  reversible  embrittlement,  and 
delayed  failure;  crack  propagation;  and  mechanism 
of  embrittlement. 

A  new  friction-impact  test  device  has  been 
described  by  McDonnell-Douglas.! 2)  It  is  based  on 
a  pendulum  impact  and  rotating-plate  friction.  It 
can  produce  impact  velocities  to  16  in./sec,  con¬ 
tact  pressures  to  160,000  psi  above  yield  strength 
of  the  materials,  and  impact-energy  rates  to  about 
2000  ft-lb/in.^-sec.  Under  these  conditions,  ex¬ 
cessive  friction  as  well  as  plastic  deformation 
occur  simultaneously  to  initiate  the  reaction  with 
propellants. 

Stress-corrosion-cracking  problems  associated 
with  the  Saturn  Space  Vehicle  have  been  discussed  in 
a  recent  paper  from  Marshall  Space  Flight  Center. !3) 
The  failures  occurred  in  7075-T6,  7079-T6,  and  2024- 
T6  aluminum  alloys  and  in  17-7PH  and  AM  35b 
precipitation-hardened  stainless  steels.  The  prob¬ 
lems  with  the  aluminum  alloys  were  eliminated  by 
using  a  less  susceptible  temper  (-T73),  redesigning 
to  eliminate  stresses,  or  substitution  of  another 
material  such  as  austenitic  stainless  steel.  Alloy 
718  was  substituted  for  17-7PH  ( RH  950).  Rigid  con¬ 
trols  were  imposed  on  the  material  processing  of  the 
AM  355  alloy  to  prevent  the  erratic  formation  cf 
carbides  in  the  grain  boundaries. 

The  effectiveness  of  finishing  systems  for 
aluminum  and  magnesium  to  protect  against  tropical 
exposure  is  being  evaluated  by  the  Army  Coating  and 
Chemical  Laboratory  .!  Scored  panels  have  been  ex¬ 
posed  26  months  in  a  rain  forest  in  Panama  and  4 
miles  away  at  a  breakwater  cn  the  Caribbean  Sea. 

On  aluminum,  an  anodic  pretreatment,  MIL-A-8625,  and 
a  chemical  film  pretreatment ,  MIL-C-5541,  are  show¬ 
ing  the  best  protection.  On  magnesium,  anodic  pre¬ 
treatment,  MIL-M-45^02  Types  I  and  II,  was  most 
effective.  The  breakwater  exposure  (salt  spray)  was 
more  corrosive  than  the  rain-forest  exposure,  parti¬ 
cularly  on  the  coated  aluminum  panels. 


The  mechanism  of  the  inhibiting  effect  of 
chromate  primers  on  aluminum  has  been  studied  by  I I T 
Research  Institute.!  5)  The  mode  of  failure  was 


found  to  be  the  destruction  of  the  protective  oxide 
layer  on  aluminum  at  cathodic  sites  where  hydrogen 
is  evolved.  Apparently  protection  by  the  chromate 
occur*  from  precipitation  of  insoluble  trivalent 
chromium  compounds  at  the  cathode  surface  which 
prevent  hydrogen  evolution.  Because  chromates 
block  the  cathode  reaction,  they  are  not  effective 
in  stopping  corrosion  at  adjacent  anodic  sites,  such 
as  in  crevices  or  under  blisters.  A  cadmium  phosphate- 
chromate  pigment  ( 6Cd0*4CiO3,2P205«K2O)  gave  improved 
protection  at  crevice  areas  compared  with  standard 
chromate  pigments. 

The  corrosion  and  stress-corrosion-cracking 
behavior  of  7000  series  aluminum  alloys  in  flowing 
seawater  has  been  reported  by  the  Naval  Marine  En¬ 
gineering  Laboratory .! 6)  Alloys  studied  were  7002- 
T6  (0.5-1 .OCu,  2.0-3.0Mg,  3.0-4.0Zn) ,  7106-T63  (1.7- 
2.8Mg,  3.7-4.BZn) ,  and  7039-T64  (2.3-3.3Mg,  3.5-4.5Zn). 
Bent  beams  stressed  to  60,  75,  and  90  percent  of  the 
0.2%  yield  strength  and  U-bends  were  exposed  for 
periods  ranging  up  to  481  days.  Welded  specimens 
were  incl  uucU  Iii  the  study.  Alloy  7002-T6  exhibited 
severe  pitting  while  7106-T63  and  7039-T64  alloys 
were  only  mildly  attacked.  The  weld  metal  in  7002- 
T6  alloy  was  corroded  severely,  while  the  heat- 
affected  zones  were  attacked  in  welded  7106-T63  and 
7039-T64  alloy  specimens.  Specimens  stressed  in 
the  short-transverse  grain  direction  were  most  sus¬ 
ceptible  to  stress-corrosion  cracking  as  is  charac¬ 
teristic  of  the  7000  series  of  alloys. 

The  mechanism  of  the  beneficial  effects  of  the 
-T73  temper  on  improving  the  stress-corrosion  crack¬ 
ing  resistance  of  7075  aluminum  alloy  has  beer,  studied 
at  Tyco  Laboratories.! ?)  Specimens  were  exposed  to 
NaCl  buffered  to  pH  4.7  after  having  been  overaged 
from  the  -T6  temper  for  varying  lengths  of  time. 

During  the  first  6  hours  of  overaging,  the  tensile 
strength  increased  slightly,  and  cracking  time  re¬ 
mained  essentially  constant  at  15  minutes.  Subse¬ 
quently,  the  tensile  strength  declined,  and  the  time 
to  failure  increased  rapidly,  becoming  about  3000 
minutes  after  18  hours  of  overaging.  The  true  per¬ 
iod  of  stress  corrosion  was  found  to  be  about  5 
minutes  for  the  -T6  temper  and  during  the  first  6 
hours  of  overaging  from  the  -Tfe  temper.  It  then 
decreased.  This  sequence  suggested  that  the  bene¬ 
ficial  effects  noted  in  going  from  the  -T6  to  the 
-T73  temper  are  not  the  result  of  improvement  in 
resistance  to  true  stress  corrosion,  but  the  result 
of  an  improvement  in  the  mechanical  properties  of 
the  alloy,  so  that  it  is  less  sensitive  to  notch 
effects  produced  by  pure  corrosion. 
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QORROStON  OF  SIAINLES5  ST EELS 
Oxidation 

A  review  of  the  high- temperature  corrosion 
behavior  of  stainless  steels  has  been  prepared  by 
Faiconbxidge  Nickel.^®)  Data  from  the  published 
literature,  company  laboratory  and  field  tests, 
and  commercial  plant  experience  are  summarized. 
Included  is  information  on  the  resistance  of  stain¬ 
less  steels  to  high-temperature  gases  found  in 
industrial  operations,  e.g.,  air,  carbonaceous 
gases,  steam,  sulfur  dioxide,  hydrogen  sulfide, 
hydrogen,  and  ammonia.  Also  included  are  reactions 
by  molten  metals  and  molten  salts  and  a  section  on 
fuel-ash  corrosion. 

Aqui ^us  Corrosion 

The  effect  of  uranium  and  molybdenum  alloy¬ 
ing  additions  on  the  corrosion  behavior  of  ferritic 
Type  430  stainless  steel  has  been  investigated  at 
the  Canadian  Department  of  Energy,  Mines,  and  Re¬ 
sources.^)  Alloying  levels  were  0.24  and  0.55 
wt*  uranium  and  1.02  and  2.03  *t%  molybdenum.  Tests 
were  conducted  in  IN  solutions  of  H2SO4  and  HC1  at 
75  to  158  F  and  as  crevices  in  3  percent  NaCl  at 
L22  F.  Both  the  uranium  and  molybdenum  alloy  addi¬ 
tions  improved  the  corrosion  resistance  with  the 
molybdenum  being  slightly  better.  No  appreciable 
benefit  of  these  alloying  additions  was  ooserved  in 
tests  conducted  in  IN  FeCl3  at  75  and  158  F  and  in 
boiling  65  percent  HNO3  (Huey  Test) • 

The  effects  of  alloying  additions  on  the 
intergranular  corrosion  of  nonsensi tized  austenitic 
stainless  steel  in  boiling  nitric  acid-di chromate 
solution  has  been  reported  by  the  General  Electric 
Nucleonics  Laboratory .( 10)  Controlled  additions  of 
carbon,  nitrogen,  oxygen,  manganese,  sulfur,  silicon, 
and  phosphorus  were  made  to  a  high-purity  Fe-14Cr- 
l4Ni  alloy.  Of  the  elements  studied,  only  phos¬ 
phorus  (>100  ppm)  and  silicon  (>1000  ppm  to  <20,000) 
promoted  intergranular  attack  in  nonsensitized  speci¬ 
mens  exposed  to  boiling  5N  HNO3  -  0.46N  Cr+6  solu¬ 
tion.  The  adverse  effect  of  these  elements  was  ex¬ 
plained  in  terms  of  a  solute  segregation  mechanism 
in  which  phsophorus  and  silicon  are  adsorbed  at 
grain  boundaries. 

Passivation  in  crevices  during  anodic  pro¬ 
tection  of  stainless  steels  has  been  reported  by 
Rensselear  Polytechnic  Institute .( H)  In  lonq 
narrow  crevices,  internal  portions  of  the  crevice 
often  were  found  to  remain  active  resulting  in  rapid 
localized  corrosion.  The  crevice  potential  was  not 
an  absolute  value,  but  depended  on  crevice  dimen¬ 
sions  as  well  as  anodic  polarization  characteristics. 
The  Fokin  Timonin  equation  for  analyzing  potential 
distribution  along  thin  wires  polarized  in  relative¬ 
ly  large-diameter  tubes  also  was  found  to  accurately 
predict  the  length  of  the  passive  zone  in  partially 
protected  narrow  crevices. 

Electrochemical  polarization  techniques  have 
been  used  to  study  the  corrosion  behavior  of  Type 
304  stainless  steel  and  carbon  steel  in  deoxygenated 
554  F  water  by  General  Electric  Nucleonics  Labora¬ 
tory^^)  Excellent  agreement  was  obtained  between 
corrosion  rates  obtained  gravimetrical iy  and  those 
obtained  by  linear  polarization  techniques.  Corro¬ 
sion  rates  determined  by  these  techniques  were 
linear  after  the  first  100  to  250  hour**  exposure. 


Those  linear  rates  were  0.15  and  O.li  mg/dm^-hour 
for  carbon  steel  and  stainless  steel,  respectively. 

Stress-Corrosion  Cracking  and  Embrittlement 

The  stress-corrosion-cracking  behavior  or 
high-purity  18/10  stainless  steels  in  boiling  MgCl^ 
is  being  studied  by  the  French. (13)  The  beneficial 
effect  of  martensite  in  the  steel's  mKrostructure 
on  prolonging  time  to  failure  was  attributed  to 
cathodic  protection  of  the  austenite  by  the  marten¬ 
site.  Solution  potential  measurements  revealed  that 
the  martensite  was  electronegative  (anodic)  to  the 
austenite.  Metal iographic  studies  indicated  that 
the  martensite  was  corroded  but  that  the  austenite 
was  unattacked. 

Helium  embrittlement  of  Type  304  stainless 
steel  nas  been  studied  by  Atomics  Internationa  1  in 
connection  with  nuclear  reactor  operation  where 
neutrons  transmute  residual  boron  in  the  stainless 
steel  to  helium  and  lithium.'*-4)  Helium  was  uni¬ 
formly  injec+ed  into  small  tensile  specimens  by 
irradiation  with  a  beam  of  alpha  particles  produced 
by  a  cyclotron.  Concentrations  of  1  x  10“7  and 
3  x  10~^  atom  fraction  of  helium  produced  a  progres¬ 
sive  ductility  loss  with  increasing  temperature  in 
tensile  tests  above  1000  F.  Loss  of  ductility  was 
associated  with  premature  intergranular  cavitation 
originating  at  grain-boundary  carbide  particles 
presumably  through  the  action  of  grain-boundary 
sliding.  The  role  of  helium  apparently  was  to  form 
bubbles  on  the  carbide  particles  thus  reducing  the 
amount  of  grain-boundary  sliding  needed  tc  create 
a  void. 

QDRROSION  OF  MAGNESIUM  ALLOYS 

The  oxidation  of  magnesium  and  magnesium- 
beryllium  alloys  in  steam  and  moist  air  at  520  to 
580  C  (968  to  1076  F)  has  been  reported  by  Russian 
scientists. ( *^)  Protective  oxide  films  formed  cn 
the  magnesium-beryllium  alloy  at  a  parabolic  rate  at 
the  start  of  oxidation.  However,  the  alley  was 
rapidly  saturated  with  hydrogen.  Molecular  hydrogen 
liberated  at  internal  defects  exerted  high  pressure 
causing  pore  formation  and  eventual  disintegration  cf 
specimens.  This  mechanism  cf  failure  is  similar  to 
that  which  has  been  proposed  fur  aluminum  alleys  In 
high-temperature  water. 

CORROSION  OF  NICKEL-  AND  CCBALT-BASE  ALLOYS 

The  degradation  of  oxides  cn  suporallovs  as 
a  source  of  oxygen  contamination  in  gas-lcop  environ¬ 
ments  has  been  demonstrated  at  Battel le-Northwest.v lb) 
Oxides  formed  on  superalloys  at  1000  C  (1832  F)  wore 
easily  degraded  in  inert  ( 10*4  torr  vacuum)  or  reduc¬ 
ing  (0.02  torr  hydrogen)  atmospheres  at  1100  C  (2012  F). 
Experiments  with  preoxidized  Hastellcy  X  (13.8  mg 
oxygen  total)  and  columbium  in  a  container  with  80  Urr 
hydrogen  at  1100  C  produced  a  weight  aain  of  26.9 
mg  on  the  columbium  and  a  weight  loss  of  26.1  mg  on 
th  Hastelloy  X.  The  weight  gain  of  the  columbium 
w3j  attributed  to  pickup  of  contaminants  in  the  system 
plus  the  oxygen  from  evaporation  of  the  oxide  on  the 
Hastelloy. 

The  cyclic  oxidation  of  nickel-  iron-,  and 
cobalt-base  alloys  has  also  been  studi-'d  by  Pendix.'*1) 
Specimens  representing  12  different  alUv!.  were  ex¬ 
posed  for  600  hours  in  cycling  tests  from  ream  tem¬ 
perature  to  1400,  1600,  18CC,  2000,  2100,  and  F* 


Six  alloys  showed  optimum  behavior  based  on  oxidation 
and  spalling  resistance  and  mechanical  and  fabrica¬ 
tion  properties.  They  werei 

TD  Nickel-Chromium  ( Ni-20Cr-2ThC>2) 

DH  242  ( Ni-20Cr-lCb) 

Ciiromel  A  (Ni-20Cr) 

Bendel  65-35  (Ni-35Cr-3Al203*MgO  spinel) 

Haste!  loy  X  (Ni-22Cr-18.5Fe-9Mo-l.5Co) 

Udimet  500  (Ni-19Cr-19.5Co-4Mo-3Tl-3Al) . 

Iron-chromium-aluminum  alloys  also  exhibited  excel¬ 
lent  oxidation  and  spalling  resistance,  but  had  lower 
ductility  retention. 

The  effects  of  additions  of  0.1  to  0.2  at.it 
yttrium,  gaoolinium,  lanthanum,  cerium,  thorium, 
and  0  to  0.8  wt$  manganese  to  RenA  100  on  its  oxida¬ 
tion  resistance  is  being  studied  by  General  Electric 
Materials  Development  Laboratory. ( 18)  Cyclic  tests 
at  1800  F  revealed  that  yttrium,  aadolinium,  mangan¬ 
ese,  yttrium  plus  thorium  plus  manganese  and  lantha¬ 
num  plus  manganese  additions  improved  oxidation  re¬ 
sistance.  Cyclic  tests  at  2000  F  also  indicated  that 
yttrium  and  gadolinium  were  favorable  additions, 
but  that  manganese  additions  promoted  catastrophic 
oxidation.  Hot  salt  corrosion  tests  of  50  hours  in 
1700  F  air  containing  100  ppm  Na2904  +  NaCi  and 
flowing  at  75  ft/sec  revealed  that  lanthanum,  cerium, 
and  gadolinium  additions  of  0.1  at.36  or  greater  re¬ 
duced  the  extent  of  attack  of  Rent  100  by  a  factor  of 
10  to  30. 

Metal  cladding  to  protect  a  Cr-5W-0.1Y  alloy 
from  oxidation  has  been  studied  at  Battelle- 
Columbus.i 19)  The  cladding  alloys  were  Ni-30Cr, 
alumnized  Ni-30Cr,  and  aluminized  Ni-20Cr-20W.  All 
three  sledding  layers  were  resistant  to  oxidation 
at  2100  F,  and  all  but  the  Ni-30Cr  were  resistant 
at  2300  F  under  the  conditions  studied.  However, 
these  claddings  permitted  nitrogen  contamination 
of  the  substrate  and  also  resulted  in  contamination 
of  the  chromium  alloy  by  nickel.  Barrier  layer® 
were  investigated,  but  during  cyclic  oxidation,  these 
showed  varying  degrees  of  cracking,  which  permitted 
contamination  of  the  substrate.  The  most  promising 
system  examined  contained  an  aluminized  (5A1)  Ni- 
20Cr-20W  cladding  layer  5  mils  thick  and  a  1.5-mil- 
thick  tungsten  barrier  layer. 

CORROSION  OF  TITANIUM  ALLOYS 

Stress-corrosion-cracking  and  fracture- 
toughness  studies  have  been  conducted  on  1-in.- 
thick  plate^of  Ti-6A1-4V  alloy  at  Aerojet- 
General.  As  compared  with  mill-annealed  mater¬ 

ial,  a  duplex  Loat  treatment  which  produced  an 
elongated  platelet  alpha  in  a  beta  matrix  increased 
tiie  threshold  stress  intensity  for  stress-corrosion 
cracking  (Kiscc)  by  about  70  percent  and  increased 
the  apparent  plane-strain  fracture  toughness  (Kjc) 
by  about  45  percent.  A  number  of  large  stress-wave 
emisions  were  detected  during  stress-corrosion 
cracking  in  3  percent  NaCl.  From  this,  it  was  con¬ 
cluded  that  crack  growth  was  at  least  partially  a 
jump  process,  and  thus  was  not  entirely  a  dissolution 
mechanism. 

Fundamental  studies  on  the  stress-corrosion 
cracking  of  titanium  and  titanium  alloys  in  methanol- 
iodine  solutions  are  being  conducted  at  RIAS.(21) 

The  stress-corrosion  cracking  of  titanium  and  Ti- 
2.09A1  alloy  was  concluded  to  involve  preferential 
anodic  dissolution  at  grain  boundaries  based  on  ob¬ 


servations  that:  (1)  anodic  currents  reduced  the  time 
to  failure  while  cathodic  currents  inhibited  fail¬ 
ure,  (2)  the  introduction  of  large  quantities  of 
water  to  the  environment  inhibited  both  corrosion  and 
stress-corrosion  cracking,  and  (3)  corrosive  attack 
in  both  stressed  and  unstressed  specimens  was  inter¬ 
granular.  In  titanium  alloys  containing  greater 
than  5  wtX  aluminum,  intergranular  dissolution 
appeared  to  be  responsible  only  for  the  crack- 
initiation  stage.  This  was  followed  by  a  trans- 
granular  failure  which  had  the  characteristics  of  a 
mechanical  failure.  Cathodic  currents  prevented 
the  intergranular  attack  and  the  initiation  of  crack¬ 
ing. 

Research  is  continuing  at  Du  Pont  Savannah 
River  on  the  role  of  H.C1  gas  in  the  hot-salt  cracking 
of  titanium  alloys. (22)  Reactions  between  titanium 
alloys  and  hot  salt  were  found  to  produce  signifi¬ 
cant  amounts  of  HC1.  The  HC1  gas  also  was  found  to 
cause  cracking.  Titanium  reacted  with  HC1  to  pro¬ 
duce  TiCl2,  TiCl3,  TICI4,  and  hydrogen  at  662  F. 

Also  produced  was  AI2CI6  when  aluminum  was  present 
in  the  alloy.  In  the  presence  of  moist  air,  hydrated 
aluminum  chroride  was  formed,  TiCl4  was  hydrolyzed* 
and  TiCl2  and  TiCl3  were  hydrolyzed  and  oxidized  to 
form  TiC>2,  HC1,  and  hydrogen.  Fractographs  of  speci¬ 
mens  cracked  with  NaCl.  HC1,  and  SnClp  showed  that 
the  fracture  mechanism  was  the  same  in  all  environ¬ 
ments  and  was  consistent  with  a  stress-sorption 
process.  The  sorbing  species  is  believed  to  be 
hydrogen. 
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Six  alleys  showed  optimum  behavior  based  on  oxidation 
and  spalling  resistance  and  mechanical  and  fabrica¬ 
tion  properties.  They  were* 

TD  Nick el -Chromium  ( Ni~20Cr-2Th02) 

DH  242  ( Ni-20Cr-iCb) 

Chromel  A  (Ni-20Cr) 

Bendei  65-35  ( Ni-35Cr-3Al203 -MgO  spinel) 

Haste lloy  X  (Ni-22Cr-18.5Fe-9Mo-l.5Co) 

u'dimet  500  (Ni-l?Cr-19.5Co-4Mo-3Ti-3Al)  . 

Iron-chromium- aluminum  alloys  also  exhibited  excel¬ 
lent  oxidation  and  spalling  resistance,  but  had  lower 
ductility  retention. 

The  effects  of  additions  of  0.1  to  0.2  at.$ 
yttrium,  gadolinium,  lanthanum,  cerium,  thorium, 
and  0  to  0.8  wt#  manganese  to  Ren*  10Q  on  its  oxida¬ 
tion  resistance  is  being  studied  by  General  Electric 
Material*  Dt?veAupment  Laboratory .(  18)  Cyclic  tests 
at  1800  F  revealed  that  yttrium,  gadolinium,  mangan¬ 
ese,  yttrium  plus  thorium  plus  manganese  and  lantha¬ 
num  plus  manganese  additions  improved  oxida+ion  re¬ 
sistance.  Cyclic  tests  at  2000  r  also  indicated  that 
yttrium  and  gadolinium  were  favorable  additions, 
but  that  manganese  additions  promoted  catastrophic 
oxidation.  Hot-salt  corrosion  xests  ot  50  hours  in 
1700  F  air  containing  100  ppm  NC2SO4  +  NaCl  and 
flowing  at  75  ft/sec  revealed  th3t  lanthanum,  cerium, 
and  gadolinium  additions  of  0.1  at.%  or  greater  re¬ 
duced  the  extent  of  attack  of  Rent  IOC  by  a  factor  of 
10  to  30. 

Metal  cladding  to  protect  a  Cr-5W-0.1Y  alloy 
from  oxidation  has  been  studied  at  Battelle- 
Columbus.(  19)  The  cladding  alloys  were  Ni-30Cr, 
aluminized  Ni-30Cr,  and  aluminized  Ni-20Cr-20W.  All 
three  cladding  layers  were  resistant  to  oxidation 
at  2100  F,  and  all  but  the  Ni-30Cr  were  resistant 
at  2300  F  under  the  conditions  studied.  However, 
these  claddings  permitted  nitrogen  contamination 
of  the  substrate  ar  Iso  resulted  in  contamination 
of  the  chromium  all„y  by  nickel.  Barrier  layers 
were  investigated,  but  during  cyclic  oxidation,  these 
showed  varying  degrees  of  cracking,  which  permitted 
contamination  of  the  substrate.  The  most  promising 
system  examined  contained  an  aluminized  (5A1)  Ni- 
20Cr-20W  '•’laddiny  layer  5  mils  thick  and  a  1.5-mil- 
thick  tungsten  barrier  layer. 

CORROSION  OF  TITAN T'**  ”  LOYS 

Stress-corrosion-cracking  and  fracture- 
toughness  studies  have  been  conducted  on  1-in.- 
thick  plate  of  T1-6A1-4V  alloy  at  Aerojet- 
General  .*20)  As  compared  with  mill-annealed  mater¬ 
ial,  a  duplex  heat  treatment  which  produced  an 
elongated  platelet  alpha  in  a  beta  matrix  increased 
the  threshold  stress  intensity  for  stress-corrosion 
\*iscc>  °Y  aoout  70  percent  and  Increased 
the  apparent  plane- strain  fracture  toughness  (Kic) 
by  about  45  percent.  A  number  of  large  stress-wave 
emlsions  were  detected  during  stress-corrosion 
cracking  in  3  percent  NaCl.  From  this,  it  was  con¬ 
cluded  that  crack  growth  was  at  least  partially  a 
jump  process,  and  thus  was  not  entirely  a  dissolution 
mechanism. 

Fundamental  studies  on  the  stress-corrosion 
cracking  of  titanium  and  titanium  alloys  in  methanol- 
iodine  solutions  are  being  conducted  at  RIAS.'^l) 

The  stress-corrosion  crocking  of  titanium  and  Ti- 
2.09A1  alloy  was  concluded  to  involve  preferential 
anodic  dissolution  at  grain  boundaries  based  on  ob¬ 


servations  that*  (1)  anodic  currents  reduced  the  time 
to  failure  while  cathodic  currents  inhibited  fail¬ 
ure,  (2)  the  introduction  of  large  quantities  of 
water  to  the  environment  inhibited  both  corrosion  and 
stress-corrosion  cracking,  and  (3)  corrosive  attack 
in  both  stressed  and  unstressed  specimens  was  inter¬ 
granular.  In  titanium  alloys  containing  greater 
than  5  wt%  aluminum,  intergranular  dissolution 
appeared  to  be  responsible  only  fer  the  crack- 
initiation  stage.  This  was  followed  by  a  trans- 
granular  failure  which  had  the  characteristics  of  a 
mechanical  failure.  Cathodic  currents  prevented 
the  intergranular  attack  and  the  initiation  of  crack¬ 
ing. 

Research  is  continuing  at  Du  Pont  Savannah 
River  on  the  role  of  HC1  gas  in  the  hot-salt  cracking 
of  titanium  alleys. %22)  Reactions  between  titanium 
alloys  and  hot  salt  were  found  to  produce  signifi¬ 
cant  amounts  of  HC1.  The  HC1  gas  also  was  found  to 
cause  cracking.  Titanium  reacted  with  HC1  to  pro¬ 
duce  TiCl2»  T1CI3,  TiCl4,  and  hydrogen  at  662  F. 

Also  produced  was  AI2CI6  when  aluminum  was  present 
in  the  alloy.  In  the  presence  of  moist  air,  hydrated 
aluminum  chroride  was  formed,  TiCl4  was  hydrolyzed^ 
and  TiCl2  and  TiCl3  were  hydrolyzed  and  oxidized  to 
form  TiC>2»  HC1,  and  hydrogen,  Fractograpns  of  speci¬ 
mens  cracked  with  NaCl,  HC1,  and  SnCl^  showed  that 
the  fracture  mechanism  was  the  same  in  all  environ¬ 
ments  and  was  consistent  with  a  stress-serption 
process.  The  sorbing  species  is  believed  to  be 
hydrogen. 
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